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Kokoza et al. (1) recently reported the
genetic engineering of Aedes aegypti

mosquitoes to express abundantly an anti-
microbial immune effector molecule in the
hemolymph of a vector. In the realm of
vector-borne diseases, this is a very signifi-
cant event with provocative implications.
Vector-borne diseases, such as malaria,
leishmania, trypanosomiasis, dengue, yel-
low fever, West Nile encephalitis, etc., are
resurgent through out much of their former
distributions andyor are emerging in new
geographic areas. The morbidity and mor-
tality associated with these diseases are
overwhelming: billions of people are now at
risk for infection, each year hundreds of
millions of infections occur, resulting in mil-
lions of deaths, and the morbidity associated
with vector-borne pathogen infections is in-
estimable [see Nakajima, H. (1996) The
World Health Report (World Health Orga-
nization) at http:yywww.who.intywhry
1996ywhr-e.htm]. In addition, these diseases
impose major economic and social burdens
on populations least able to afford them.
The situation is bleak, and it is especially
disconcerting that many of these diseases
were previously controlled to some extent.

These vector-borne diseases of humans
and domestic animals are proving to be
almost intractable to control by conven-
tional means. The reasons for this are mul-
tifactorial and include such problems as (i)
the lack of effective vaccines for diseases
such as malaria and dengue, (ii) the demise
of public health programs for vector control,
(iii) the decline in vector-borne disease spe-
cialists, (iv) the development of pesticide
resistance in vector populations, and (v) the
development of drug resistance in parasites.
The situation is exacerbated for some of
these diseases by socioeconomic issues in-
cluding dramatic population growth, dra-
matically increased urbanization, lack of
planning and sanitation in the face of un-
precedented urbanization, deforestation,
rapid movement of pathogens and vectors
by jet travel, etc. (2).

The situation is illustrated by the recent
emergence of dengueydengue hemor-
rhagic fever as a major public health prob-
lem in the Americas (3). Before the 1980s
the severe form of dengue, hemorrhagic

fever, was very rare in the Western Hemi-
sphere, and typically only one or two of
the four dengue virus serotypes circulated
in the Americas at one time (Fig. 1 Upper).
Aedes aegypti was controlled to a large
extent in the Americas in a remarkably
effective campaign to prevent yellow fever
emerging from its sylvatic foci. With the
demise of these programs, Aedes aegypti
has returned with a vengeance (Fig. 2).
During the same period, multiple sero-
types of dengue (some of which are more
virulent than those viruses that had pre-
viously caused human infections in the
Americas) began to circulate, and molec-
ular epidemiological investigations re-
vealed that these were being introduced
from different parts of the world (Fig. 1
Lower). This hyperendemicity with multi-
ple serotypes and genotypes of dengue
viruses circulating and Aedes aegypti re-
surgent and hyperabundant throughout
much of its previous distribution have
contributed to the emergence of denguey
dengue hemorrhagic fever as a major pub-
lic health problem in the Americas (ref. 3;
Fig. 3). Indeed, dengue emergencies are
now declared each year in many countries
in Central and South America.

The situation with other vector-borne dis-
eases (especially malaria) is equally bleak,
and novel and efficacious control strategies
are sorely needed for this epidemiological
group of pathogens. New information con-
cerning the molecular biology of vectors and
the determinants of productive pathogen–
vector interactions is necessary to develop
new strategies for control of vector-borne
diseases. One particularly provocative ap-
proach is to molecularly perturb the ability
of vectors to transmit pathogens (4–6). The-
oretically, vectors could be genetically im-
munized to express pathogen-specific mol-
ecules that would impair the competence of
the vector. Competent vectors are those that
are susceptible to pathogen infection, rep-
lication, and dissemination to epidemiolog-
ically significant target organs (e.g., salivary
glands) and that efficiently transmit the
pathogen. Incompetent vectors are those
that are resistant or refractory to infection
and that inefficiently transmit the pathogen.
Should mechanisms become available to

drive effector molecules that condition vec-
tor incompetence into mosquito popula-
tions, the cycle of pathogen transmission
could be interrupted and controlled.

To accomplish this, (i) transgenesis sys-
tems must be developed for efficient
transformation of targeted vector species,
(ii) effector molecules must be identified
that will induce the anti-pathogen pheno-
type in the vector, and (iii) mechanisms
must be developed to drive the effector
system into the vector population (4–6).
These certainly are not trivial undertak-
ings, and the list is purposefully simplified.
However, there has been significant
progress recently in development of new
technologies and tools for vector manip-
ulation and investigation.

Landmark studies have now demon-
strated the transformation of important
vector mosquitoes by using transposable
element-based systems (7–10). Aedes ae-
gypti (the urban vector of yellow fever and
dengue viruses) and Anopheles stephensi
(an important vector of malaria) have
been transformed by using the transpos-
able elements mariner, Hermes (7–9), and
minos (10), respectively, and others such
as piggyBac (11) also offer great promise
in this regard. Although these systems are
not as robust as the P element system,
which revolutionized genetic investiga-
tions in Drosophila, it is now likely that
more and more laboratories will be able to
apply the power of transgenesis in the
investigation of the molecular biology of
vectors.

Concomitantly, modern molecular bio-
logical and genomic investigations are re-
vealing a plethora of new vector genes,
which potentially condition important vec-
tor phenotypes. The publication of the Dro-
sophila genome sequence provides an un-
paralleled opportunity for vector biologists
to identify genes that could be exploited to
control vector-borne diseases (12). Field
and laboratory investigations are now being
linked in the emerging field of population
genomics (13), which effects a marriage of
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field oriented research, population and mo-
lecular genetics, and functional genomics to
identify important vector genes that condi-
tion pathogen maintenance and transmis-
sion. In this regard, new virus transduction
systems are additional tools that allow rapid
biological characterization of vector genes in

vivo, thereby permitting focus of transgen-
esis efforts on those with demonstrated ef-
ficacy. For example, recombinant Sindbis
viruses expressing antisense sequences to
LaCrosse and dengue viruses were used to
rapidly define virus sequences that con-
ferred resistance to infection with and trans-

mission of the respective human pathogens
by their mosquito vectors (14, 15). The virus
systems can also be used to silence expres-
sion of endogenous genes for rapid charac-
terization in vivo in vectors (16).

The study by Kokoza et al. (1) builds
upon these marvelous advances in the
field of vector biology by exploiting the
new transgenesis capabilities to transform
mosquitoes with a potentially biologically
relevant effector molecule under the reg-
ulation of an inducible promoter system.
The authors engineered Aedes aegypti
mosquitoes to express defensin, a potent
anti-microbial gene, in the hemolymph of
transgenic mosquitoes. In brief, the inves-
tigators used a Hermes-based system to
transform the mosquitoes. The construct
contained a marker cinnabar gene to res-
cue eye color in transformed white-eyed
Aedes aegypti (7) and a promoter sequence
of the vitellogenin gene (Vg; ref. 17) to
regulate expression of the Aedes aegypti
defensin A gene, which encodes the pre-
pro-defensin (18). This construct and a
helper plasmid containing the Hermes
transposase were microinjected into the
mosquito eggs, transformants were se-
lected by red eye color, and a transgenic
line of Aedes aegypti was established. In
the transgenic mosquitoes, high levels of
biologically active defensin accumulate af-
ter a blood meal. This is a very important
issue—the Vg promoter is activated only in
the fat body of mosquitoes after a blood
meal. Thus, the putative anti-pathogen
defensin molecule is expressed only dur-
ing critical stages of vector–pathogen in-
teractions, and it accumulates abundantly
in the hemolymph. Many vector-borne
pathogens must traffic through the hemo-
lymph to infect the salivary glands and
then be transmitted. Thus, the pathogen
and effector molecule should be tempo-
rally and spatially colocalized. In addition,
the ‘‘inducible’’ strategy minimizes the
‘‘genetic load’’ of the transgene on vectors,
thereby minimizing effects on the fitness
of transgenic organisms (6).

Kokoza et al. (1) have provided the
proof of concept that anti-pathogen effec-
tor molecules can be engineered into
vectors and be expressed stably in a bio-
logically relevant fashion. A plethora of
potentially anti-pathogenic molecules
(e.g., alternative anti-microbials, Mx pro-
tein, single-chain antibodies, antisense se-
quences) are being investigated as potent
effector molecules for vector immuniza-
tion against a variety of pathogens. Simi-
larly, a variety of mechanisms, such as
transposable elements (19), Wolbachia
and other symbionts (20–22), and denso-
viruses (23), are being investigated for
their potential to deliver or drive the
effector molecules into vector popula-
tions. Such agents continuously traffic
through vector populations and thus could

Fig. 1. Global distribution of dengue virus serotypes in 1970 (Upper) and 2000 (Lower). Figure kindly
provided by D. Gubler, Division of Vector-Borne Infectious Diseases, Centers for Disease Control and
Prevention, Fort Collins, CO.

Fig. 2. Aedes aegypti distribution in the Americas. Figure kindly provided by D. Gubler.
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provide mechanisms to disseminate im-
munizing effector molecules in vectors. If
a sufficient proportion of vectors became
incompetent, the cycle of transmission of
the pathogen could theoretically be inter-
rupted. Obviously, numerous and impor-
tant scientific, ethical, safety, regulatory,
and biopolitical issues will have to be
addressed before such a strategy could be

used to attempt to control a vector-borne
disease. The benefits and risks associated
with such an approach will have to be
critically assessed (24). However, the in-
exorable increase in the public health im-
portance of these pathogens, the failure of
conventional approaches to control them,
and the lack of alternatives in the face of
pesticide resistance in vectors and drug

resistance in pathogens, mandates exam-
ination of all possible approaches for con-
trol. Importantly, investigations into mo-
lecular genetic approaches for control of
these diseases is providing invaluable spin-
off information concerning vector molec-
ular biology and vector–pathogen interac-
tions, which may also lead to novel and
efficacious control strategies for these
diseases.

Considering the tenacity of vector-borne
pathogen cycles and the evolutionary poten-
tial of the pathogens and their arthropod
vectors, successful control strategies for
these diseases will undoubtedly require in-
tegrated approaches. Such an approach
would include the development of new vac-
cines and drug therapies, invigoration of
classical vector control and disease preven-
tion and surveillance strategies, and the
application of molecular approaches to ma-
nipulate and monitor vector populations.
The advances reported by Kokoza et al. (1)
are a beginning.

All figures were kindly provided by Dr. Duane
Gubler. This review was supported in part by
Grants AI 46753 and AI 45430 from the Na-
tional Institutes of Health.
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Fig. 3. Emergence of dengue hemorrhagic fever in the Americas. Figure kindly provided by D. Gubler.
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